Genetic variability of two random-mating sunflower (Helianthus annuus L.) populations, Local Open and UAF, was evaluated in two seasons (spring and fall). One hundred S 1 families selected randomly each population were included in the experiment conducted at Faisalabad (Pakistan).
INTRODUCTION
Random mating populations may be developed in cross-pollinated species. The design of random mating population permits the exploitation of heterosis during a limited number of generations.
Breeders of cross-pollinated crops have expressed concern about the narrow germplasm base displayed by commercial hybrids (Harvey, 1977) . A potential avenue for surmounting this problem is to create genetically diverse random mating populations that may prove useful.
The sunflower populations UAF and Local Open were synthesized in 1986-87 by Dr. Syed Sadaqat Mehdi at University of Agriculture, Faisalabad. The population UAF was constituted by intermating exotic (USA) lines. The population Local Open was comprised of local lines/genotypes. Random mating with enforced outcrossing is designed to promote recombination and ensure the formation of a wide divergence of genotypes through the breakage of initial linkage blocks Doggett, 1972; Gardner, 1972; Hamson, 1959; Ross 1973) . Random mating populations may be improved by using any of the several methods of recurrent selection that had proved successful for maize (Doggett, 1968; Doggett and Eberhart, 1967; Eberhart et al., 1967; Empig et al., 1972; Sprague and Eberhart, 1976) .
Estimates of heritability from broad based random mating populations are useful in determining the best methods of selection to improve these populations for specific traits. Because of the diversity of germplasm in the populations, it seems that these estimates should have broader applicability than estimates derived from a narrow genetic base, such as the F 2 from a cross of two inbred lines. Studies with sunflower indicated that heritabilities for days to flowering (0.94), head size (0.81), seed weight (0.80) (Alza and Fernandez Martinez, 1997) and oil content (0.72) (Denis et al., 1997) are high enough on narrow ground that mass selection should be an effective procedure.
Our study showed significant heritabilities for all traits. The heritability for days to flowering was high in the populations Local Open and UAF, 0.89 and 0.78, respectively. This suggests that testing of S 1 should be effective for population improvement.
The objective of our research was to evaluate S 1 families chosen randomly from two random-mating populations. Population family means and variances were determined for all agronomic traits and heritabilities were calculated by using estimates of variance components.
MATERIALS AND METHODS
One hundred S 1 families (progeny of bagged male fertile plants) from the populations Local Open and UAF were evaluated at PARS (Postgraduate Agricultural Research Station), University of Agriculture, Faisalabad, from 1997 to 1999 during spring and fall seasons.
All plantings were made in February/March for the spring and July/August for the fall season, using a modified randomized complete block design. There were three replicates in each experiment, four blocks per replicate, and each set contained 25 families. Individual plots were single rows 3.5 m long with 76 cm between rows. Data were obtained on 10 random plants in each plot for days to maturity, plant height, head diameter, 100-achene weight, number of achenes per head, seed yield, oil content and oil yield. Data for genotypes with too many missing values were discarded.
The families/block mean squares or mean cross products within experiment of each population during spring and fall were used to estimate the genotypic and phenotypic variance and covariance, respectively, after Robinson et al. (1951) .
The following formulae were used for the estimation of variances and covariances. σg=estimates of family genetic covariance between i and j traits;
σp=estimates of family phenotypic covariance between i and j traits; MS 2 and MS 1 =estimates of family mean square and error mean square, respectively MP 2 and MP 1 =estimates of family mean cross product and environmental mean cross product for i and j traits, respectively. r=number of replicates.
Estimates of broad sense heritability on S 1 family mean basis were calculated for each trait in both populations using the formula: h 2 (BS) =σ 2 g/σ 2 p Where, σ 2 g and σ 2 p are the estimates of genetic and phenotypic variances, respectively.
Standard error (SE) of broad sense heritability on a plot mean basis were calculated by the procedure described by Lothrop et al. (1985b) :
Where, SE (h2) =standard error of the broad sense heritability, SE ( σ 2g) =standard error of the family genetic variance, and σ 2 p=the family phenotypic variance.
Standard error of genetic variance (SE σ 2 g) was calculated by the formula of Lothrop et al. (1985) : 
RESULTS

Means
Except for head diameter and achene weight, mean values for all the agronomic traits were larger for both sunflower populations in the spring than in the fall season (Tables 1 and 2 ). ACWT 100-achene weight (g) OILC oil content (%) DF days to flowering ACPERHD num. of achenes per head OILYLD oil yield per acre (kg/acre) DM days to maturity SDYLD/PLT seed yield per plant (g) ± Standard error value The maximum mean performances were recorded in both sunflower populations for seed yield per acre, followed by plant height during spring and number of achenes per head during fall season. In contrast, head diameter had the smallest values of mean (14.21 and 13.12 cm) in local open and (13,76 and 14.36 cm) in UAF population during spring and fall seasons, respectively.
Components of variance
The results demonstrated significant differences (P£0.01) among the two types of S 1 families for all the studied traits except the number of leaves per plant in UAF in the spring and Local Open in the fall (Tables 3, 4, 5 and 6).
Error variances for S 1 families were greater in the less favorable and more variable environments of fall. Similarly, there were increases in Local Open as compared with UAF in s 2 ge for almost all traits but especially for seed yield, oil yield and number of achenes per head.
The S 1 family genetic variance (s 2 g) decreased in the population Local Open for days to maturity, seed yield per acre in the spring season and for all traits except days to maturity, head diameter and achene weight in the fall season. In the population UAF, the S 1 family genetic variance for plant height, days to flowering, seed yield per plant and seed yield per acre, were larger in the spring season than in the fall season as a result of large increase in s 2 ge and environment, less favorable for the expression of s 2 g for these traits. These results are in agreement with the findings of Deokar and Patil (1978) who observed that the estimates for genetic and ACWT 100-achene weight (g) OILC oil content (%) DF days to flowering ACPERHD num. of achenes per head OILYLD oil yield per acre (kg/acre) DM days to maturity SDYLD/PLT seed yield per plant (g) ± Standard error value phenotypic variances in sunflower were highest for seeds per head, plant height and 1000-seed weight.
Phenotypic variance estimates were larger during the spring season for plant height, days to flowering, seed yield per plant and seed yield per acre as compared with the fall season, while in UAF sunflower population estimates of phenotypic variance were also larger during the spring than the fall season for number of leaves per plant, plant height, days to flowering, seed yield per plant and seed yield per acre.
In the population Local Open, the estimates of environmental variance were larger for seed yield per acre and plant height in the spring season and for seed yield per acre, number of achenes per head and oil yield in the fall season. In the population UAF, the estimates of environmental variance were larger for seed yield per acre and number of leaves per plant in the spring season and for seed yield per acre, number of achenes per head, seed yield per plant and oil yield in the fall season.
Heritabilities
Estimates of broad sense (h 2 b) heritability of all examined traits were significant as their absolute values exceeded twice their respective standard errors in both populations, during spring and fall seasons (Tables 7 and 8 ). This indicated the presence of genetic variances among S 1 families for all the traits in both sunflower populations. However, the genotype × environment interaction can bias the genetic variance estimates upward or downward. In the local open sunflower population, high estimates of genetic variance and low estimates for environmental variance for days to flowering, days to anthesis, number of leaves per plant, plant height, seed yield per plant and oil content resulted in large significant heritabilities (spring and fall seasons). Estimates of heritability were high for days to flowering (0.88 and 0.78) in the populations Local Open and UAF, respectively, during spring. The low genetic variance and high environmental variance for days to maturity (spring season) and number of leaves per plant (fall season) in Local Open, and for number of leaves per plant (spring season) and number of achenes per head (fall season) in UAF resulted in low heritabilities.
DISCUSSION
Means
The most likely reason for the low estimates of head diameter and achene weight during fall season was variable environment. Head diameter in the sunflower is controlled by pleiotropic gene effects (Dua and Yadava, 1985) . As discussed by Volf and Kasyanenko (1972) , and Ivanov and Stoyanova (1980) , oil content was additively controlled and this type of gene action might well have been influenced by the environment. A comparison among S 1 families from the populations Local Open and UAF exhibited similar or larger mean values for all the traits except head diameter during spring than during the fall season.
These results are in conformity with those of Cockerell (1915) , Dyer et al. (1959) , Polmer and Phillips (1963) , Robinson (1971) , Heiser (1976a) , Knowles (1978) , Ivanov and Stoyanova (1980) , and Mirza (1993) .
Seed yield is undoubtedly a quantitative trait. Its inheritance is complex and its expression is attributable to various components, which ultimately determine the breeding value of the trait. The environmental conditions prevailing in the spring seemed to be favorable and resulted in higher estimates of seed yield and its components than the respective values in the fall.
The values of the studied characters were in the range of those recorded by Cockerell (1915) for plant height, Polmer and Phillips (1963) for number of leaves per plant, Robinson (1971) for days to flowering and maturity, and Heiser (1976) for head diameter. The findings of Mehdi (1987) and Mirza (1993) were similar.
The predominantly continuous distribution suggests primarily quantitative inheritance in which both additive and non-additive genetic effects for traits are considered to be of importance. The additively controlled characters were influenced by the environment. Therefore, the range of values (extreme values) were recorded for all the agronomic traits under diverse environments of the spring and fall seasons.
Larger estimates of variation coefficients were in agreement with the findings of Shinde et al. (1983) and Mirza (1993) . They estimated high variation coefficients for plant, head diameter, 100-achene weight and seed yield per plant. Our findings agree with those of Reddy and Reddy (1979) who found increased values of variation coefficients for yield and yield components.
The magnitude of variation coefficients indicated that both sunflower populations had exploitable genetic variability for all agronomic characters under investigation.
Components of variance
Characters are controlled by additive gene action (Putt, 1966; Vranceanu, 1970; Gundaev, 1971; Volf and Dumacheva, 1973; Luczkiewicz, 1975; Miller et al., 1980; Rincon Carreon et al., 1983; Shinde et al., 1983; Miller and Hammond, 1991; Marinković, 1993b) . and nonadditive variance for oil content (Rincon Carreon et al., 1983) and dominance (Marinković, 1993a) ; nonadditive for head diameter and seed yield (Putt, 1966 and Castiglioni et al., 1999) ; and dominance component for seed yield (Miller et al., 1980) . However, yield improvement was also possible through better crop management (Benjamin and Shu Geng, 1982) . They also indicated that, although cultivars are phenotypically and genotypically different, their responses to the date of planting and the biological systems controlling the interrelationships between morphological, yield and economic characters are similar. Razi and Assad (1999) found also that seed yield and oil content showed considerable genotypic and phenotypic variations. Some traits exhibit one or two distinct phenotypes in a segregating population even though the undergoing genetic basis is polygenic (Kearsey and Pooni, 1996) .
The comparison of variance components for the S 1 families (Tables 3, 4, 5 and 6) showed that the environment generally had a larger effect in the fall, because the two samples were equally random.
Heritabilities
High estimates of heritability for days to flowering in both sunflower populations were in conformity with the findings of Russell (1953) , Shabana (1974) , Zali et al. (1976) , Mehdi (1987) , Mirza (1993) , Mirza et al. (1994) and Alza and Fernandez Martinez (1997) .
In our experiment, heritabilities for the yield components usually were high, due to favorable environment and high variability. They were similar to those reported by Volf and Dumacheva (1973) , Pathak (1974) and Omran et al. (1976) who estimated 32 to 94%, higer, relatively high, respectively. Our results for heritability of traits, viz., the number of leaves per plant, plant height, days to anthesis, days to maturity, head diameter, number of achenes per head, achene weight, seed yield per plant, seed yield per acre, oil content and oil yield, were in agreement with the results of Deokar and Patil (1978) who estimated high heritabilities for the number of days to maturity, plant height, 1000-seed weight and seed yield per plant, Shinde et al. (1983) who reported high heritability estimates for plant height, head diameter, 100-achene weight and seed yield per plant. Heritability estimates of Kshirsagar et al. (1995) were high for plant height and 100-seed weight and moderate for yield. Virk and Pooni (1994) evaluated high broad sense heritability and exploitable levels of transgression for flowering time, final height, head diameter and seed yield. Gumenjuk (1962) reported that earliness was a heritable trait but not fully stabilized. Cespedes Torres et al. (1984) estimated broad sense heritability for oil content and achene yield at 26.80% and 48.41%, respectively. Shabana (1974) and Fick (1975) estimated that broad sense heritability for oil percentage in seed ranged from 65 to 72%. Kloczowski (1975) and Shabana (1974) found heritability in the broader sense on a single plant basis to be 18% for yield as compared with a range of 22 to 49% for plant height, weight of 1000-seeds, seed oil percentage, hull percentage of seed and head diameter. Fick (1975) reported narrow sense estimates of 52 and 61% for oil percentage of seeds. Abe-Elkreem et al. (1983) studied the inheritance of oil content in sunflower and reported that significant improvement in oil content can be made by selecting individual plants in early generations on account of high heritability estimates. Mirza (1993) concluded that broad sense heritability estimates for days to maturity, plant height, head diameter, number of achenes per head, 100-achene weight, seed yield per plant, seed yield per ha, oil content percentage and oil yield per ha were significant in both sunflower populations (Gene Pool-I and UAF) during 1990 and 1991.
In this study, the estimates of high heritability were the result of near optimum growth conditions, the amount of genetic variability, i.e., the magnitude of the differences among different individuals (or families) in the base population, and the magnitude of the masking effect of the environmental and interaction components of variability. The environmental variance cannot be removed because it includes by definition all non-genetic variance, and much of this is beyond experimental control. Hence, the selection in the S 1 families was more effective for characters with high heritability. In practice, the higher the heritability, the lower the number of plants that should be selected.
In conclusion, any estimate of heritability is unique. It is a property of a specific population in a specific experiment and also the function of its gene frequency. Therefore, the numerical use of estimates out of context is invalid though it is sometimes reasonable to consider general orders of magnitude of heritabilities in a wider framework (Simmonds, 1979b) .
VARIABILIDAD DE LAS CARACTERÍSTICAS AGRONÓMICAS EN DOS POBLACIONES DE GIRASOL CRUZADAS AL AZAR; VALORES MEDIOS, COMPONENTES DE VARIACIÓN Y HERITABILIDAD
RESUMEN
La variabilidad genética del girasol (Helianthus annuus L.) cruzado al azar, las poblaciones Local Open y UAF, fue evaluada durante dos campanas (de primavera y otono). Cien familias S 1 de cruzamiento al azar de las poblaciones Local Open y UAF respectivamente, eran incluidas en el ensayo realizado en Faisalabad (Pakistán).
Las variaciones del entorno del genotipo × eran altas para todas las características, y sobre todo para el rendimiento de semilla, rendimiento de aceite y el número de granos por capítulo, en la población Local Open en relación con la población UAF. Les variances génotype x environnement étaient élevées pour toutes les caractéristiques et surtout pour le rendement de graines, le rendement d'huile et le nombre de graines par tête pour la population Local Open comparativement à la population UAF.
VARIABILITÉ DES CARACTÉRISTIQUES AGRONOMIQUES DE DEUX POPULATIONS DE TOURNESOLS CROISÉES AU HASARD; VALEURS MOYENNES, COMPOSANTS DE VARIANCE ET TRANSMISSION
RÉSUMÉ
